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Abstract 
The present loss prevention of the majority emporium focus on the economic loss prevention, neglects of the fire 
and other disasters losses, and lacks of effective measures of fire loss prevention and other disasters. The early 
emporium fire detection and alarm measures based on Lambert-Beer Law was analyzed and discussed, and the 
transmittance curve and three-dimensional camber of an ellipsoid fire fume were researched, during the time from 
fume occurring to expanding, the transmittance of fume ellipsoid increases in nonlinear as the ellipsoid volume 
increasing, the distribution of transmittance contour accords with exponent curve. The transmittance approximates 0 
in the fire fume occurred instant, and increases and approximates to 1 with the fume volume increasing. The specific 
safety management measures of emporium fire loss prevention included the fire control safety education, fire service 
installations routine check and maintenance and management of fire hazards; the corresponding fire emergency 
measures included the fire plan development, evacuation and sending fire message in time were advanced. In very 
early fire, the period of enough CO, CO2 produced is much early than smoke and flame. The early emporium fire 
detection and alarm measures based on Lambert-Beer Law used the relationship between the transmittance T of 
absorbed monochromatic light and the concentration C or the thickness F of the substance, detecting the levels of 
CO, CO2 in the emporium air, can detect and alarm in the fire early smouldering or brewing process. Such detection 
and alarm measures can provide more time to the fire control works, and minimize the fire losses. The specific 
safety management measures of emporium fire loss prevention and the corresponding fire emergency measures 
discussed can also effectively improve the emporium loss prevention capabilities on the various fire stages. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Lose Prevention, in a narrow sense is loss prevention. Broadly speaking, mobilizing forces of the measures taken 
by various organizations or technical measures to prevent and reduce disasters or accidents, and minimize their 
* MAO Yi-lin. Tel.: +0-152-0129-0623. 
E-mail address: ylmao_2005@qq.com. 
Procedia Engineering 7 (2010) 94–99
www.elsevier.com/locate/procedia
1877-7058 c⃝ 2010 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2010.11.014
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Yilin Mao, Gui Fu / Procedia Engineering 00 (2010) 000–000 
losses, all referred to loss prevention [1]. Emporium Loss Prevention generally includes two meanings. One is to 
eliminate and reduce product damage, theft and economic losses caused by poor sales, etc, in the day to day business 
activities. The other is to prevent and reduce the occurrence of disasters or accidents, make casualties and economic 
losses to minimum. 
At the present stage, Emporium Loss Prevention work in China is the one-sided loss prevention, focusing on how 
to prevent economic loss, neglecting to take effective measures to prevent and reduce fire or other disasters, 
accidents, and reduce their losses. So the occurrence of fire or other disasters can easily create enormous casualties 
and huge economic losses. In light of this, this paper’s propose is to Introduce some concrete measures to improve 
the emporium capability of fire loss prevention. 
2. The very early detection of emporium fire alarm 
Currently, most kinds of medium and large emporiums in China use smoke or temperature sensor to detect alarm 
fire on the mall, in which the ceiling to install. The early stage of the fire main is the reaction of thermal 
decomposition. The main resultant is fume, including the products of complete combustion, such as CO2, H2O, and 
the products of incomplete combustion, such as CO, gaseous (liquid) state hydrocarbons and carbon particle, as well 
as alcohols, aldehydes, ketones and other chemical substances [2]. When emporium fires just occur, and the fire 
power being not a great situation, the fume temperature is not high, which mixing a great deal of room temperature 
air-gas. The speed of fume ascent is greatly slow down. The fumes spread around and fall down slowly, before get 
to the ceiling [3]. Smoke or temperature sensors which emporiums using, their object of observation is the 
corresponding space temperature and the concentration of smoke particles. Only when the emporium fire had 
sharply happen to a certain extent, smoke or temperature sensors can play its role for the alarm. When the fire 
control departments receive such alarm, rushed to the scene of the fire, the fire often has scale, resulting in 
considerable losses. Consequently, such sensors can not detect fires early and can not effectively reduce the loss of 
mall fire. So the very early detection of emporium fire alarm is an effective measure to improve the emporium 
capability of fire loss prevention. 
In the fire early smouldering or brewing process, the levels of CO, CO2 in the air is much higher than normal 
value. Therefore, detecting the levels of CO, CO2 in the emporium air can accurately determine whether a fire. 
Generally, the period of enough CO, CO2 produced in very early fire, is much early than that of smoke and flame. 
CO that lighter than air, can faster spread to roof than the fume. At present, the use of infrared detection of CO 
levels in air, detecting in very early fire, has become a new hotspot. 
Lambert - Beer law is the basic law of absorption spectrum, described the relationship between the intensity of 
absorbed monochromatic light and the thickness and concentration of the substances [4]. 
Researched an object with the sectional area of S  and the thickness of L , which containing light absorption 
substance passed through by a bunch of parallel infrared light, and the number of object’s light absorption material 
particles is n . After Infrared light passed through, some photons had been absorbed. The intensity of Infrared light 
had decreased from I0 to I, which showed in Figure 1. 
Fig.1 Schematic of infrared light passed through the absorption medium 
Selected an extreme thin layer of the object, given the intensity of incident light of Ix, the light absorption 
particles number of dn  and the obstructed photon pass through area of ds , that is dnkds  , where k  is the 
proportionality constant. When the photons passed through the thin layer, the absorbed probability was: 
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Where: E  is proportionality constant, called the absorption coefficient. 
Because the cross-sectional area S  and volume V , the total particle n  and concentration C  had the following 
relationships: 
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Formula (1) is the mathematical expression of Lambert - Beer law, I/I0 is the transmittance  T  which expressed 
as a percentage commonly. And TA lg , A  is absorbance: 
ELCTA   lg
Or 
ELCAT    1010                                                                   ˄2˅
Formula (2) shows that after the infrared light passed through the absorption medium, the relationship between 
the transmittance of T and the concentration of C  or the thickness of L  is the exponential function. 
An ellipsoid of fire fume was researched, of which the cross-section’s radius along the Z  axis expanding from 0 
to 0.3 and 0.5 units. The number of absorption material particles in ellipsoid is 1068, and proportionality constant E
is 2.536 × 10-5. The transmittance curve and its three-dimensional surface map of fume, during the time of fume 
from occurring to expanding for the size of ellipsoid mentioned, were showed in Figure 2 and Figure 3. 
It can be seen from Figure 2 and Figure 3, the transmittance of fume ellipsoid increases in nonlinear with the 
ellipsoid volume increasing, the distribution of transmittance contour accords with exponent curve. The 
transmittance approximates 0 in the first produced instant of fire fume, its increases and approximates 1 with the 
fume volume increasing. 
Lambert - Beer law that: Gases absorb specific wavelengths of infrared light. It is the proportional relationship 
between absorbed infrared light and the concentration of gases which infrared light be through. As long as measured 
the energy of the infrared light absorbed by CO, CO2, the concentration of CO, CO2 in the air can be calculated. 
Based on characteristic that a specific wavelength of infrared light can be absorbed by CO or CO2, the spectral 
absorption bands and the concentrations of CO, CO2 in the air can be determined and measured by Infrared detectors, 
and when the concentrations overrun the normal the alarm could be started. Used such infrared detectors, the 
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emporium fire could be detected in the fire early smouldering or brewing process. It is provided more time to the 
fire control works, and minimized the fire losses. 
     Fig.2 Permeability contour of the fume cell                   Fig.3 Three-dimensional permeability of the fume cell
3. The specific safety management measures of emporium fire loss prevention 
The fire safety education works to all the staff of various departments should be done by emporium management 
in daily time. The distributions and using measures of variety fire equipments should be mastered by all the staff of 
various departments. Mastered a certain amount of fire control knowledge and used the fire equipments expertly, the 
emporium fire could be extinguished calmly by the staff who around it in the early stage, that prevented greater 
losses caused by fire spread. 
All fire service installations in the emporium should be had routine check and maintenance. The smoke detectors 
should be checked by artificial way, seen if they work regularly. The fire shutter doors should be down artificially, 
observed whether smooth or abnormal noise. The fire boxes should be checked, seen if the doors could be open 
normally, the water hose assemblies could be available. Fire extinguisher should be checked, seen if the pressure 
pointer is within the normal range, whether pressurized or vacuum. If no substitute, the pressurized or vacuum work 
of fire extinguisher must be completed within one day. 
The work of against fire hazards is crucial for emporium fire loss prevention. Departments that sold the goods 
with the potential of fire should be enhanced fire safety education. The construction site in the emporium is also a 
high incidence of fire. Qualified construction team should be hired, and the fire hazard supervision and exclusion 
work in construction site should be charged by professional. The management of using fire and smoking areas in the 
emporium should be strengthen. The waste in everywhere should be removed promptly. 
4. The corresponding fire emergency measures 
When the fire broke out in the emporium, the reasonable and effective measures should be taken to extinguish 
thefire in the early stage, which helping to minimize casualties and property losses. The specific measures of 
emporium fire which had broken out are as follows: 
1) The development of emporium fire plan 
The main elements of the emporium fire plan were shown in Figure 4. The necessary fire control safety training 
and evacuation drills for staff should be done periodically by emporium management. The customers in the 
emporium should be propagandized by the methods of broadcast, posted the evacuation diagrams in the entrance 
and other significant parts, to know the fire evacuation routes for the emporium. The division of all staff’s 
responsibilities at the time of the fire should be defined clearly. The fire fighting measures and evacuation plans for 
the beginning of the fire should be developed, accorded with the relevant fire regulations [5]. The duties and tasks of 
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fighting the beginning fire and evacuation works, at the time of fire, for various departments and all the staff should 
be clear. Responsibilities and tasks should be disassembled and implemented to each staff in the emporium. When 
the fire started, every staff in various departments should know their own duties and responsibilities for the fire. 
Fig.4 Main elements of the emporium fire plan 
2) The evacuation measures of emporium fire 
The evacuation measures flow process diagram of emporium fire was shown in Figure 5. Gathered too many 
people, emporium should prevent people confusion aroused by panic in the process of evacuation. At the beginning 
of emporium fire, most people didn’t know what had happened, the fire plan should be started peremptorily, and 
every staff and departments should be in place. The fire radio system should be used by related emporium leadership 
and staff to guide the evacuation of persons in the emporium. The emergency broadcasting system of the fire floor 
should be turned on first, evacuated the fire floor persons. Then, the other floors’ emergency broadcast systems 
should be turned on, evacuated all persons on each floor. At the same time, the emergency exits of each floor should 
be opened and ensured evacuation routes available. Set the evacuation signs and emergency lightings are important 
for the emporium. Accorded to human scale, behavioral psychology and fire code requirements, evacuation signs 
can be combined with emergency lighting. It is necessary to set up evacuation signs on the goods shelves, in 
addition to setting them on each stairwell exits. Evacuation signs can be mounted on the face or side of shelves, 
facing the evacuation channel, spaced about 20m [6].
Fig.5 Evacuation measures flow process diagram of emporium fire 
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3) In time to notify the fire message 
When the emporium fired, organized early fire fighting and evacuated, at the same time the fire message should 
be notified to fire company command center 119 in time, because fires grow like a weed and burn fierily. When the 
fire company reached the scene, the emporium management and staff should report the fire situation initiatively, 
assisting the works of fire fighting and evacuation. 
5. Conclusion 
1) The use of advanced very early fire detection measures, which helping extinguish emporium fire in the early 
stage, could minimize the damage caused by fire. 
2) The routine safety work of the fire loss prevention management should be well done by emporium 
management. Prevention is the most effective measure of emporium fire loss prevention. 
3) The fire plan and evacuation routes should be developed and designed by emporium management. At the time 
of fire, the emporium management and staff should assist the works of fire fighting and evacuation, minimizing 
casualties and property losses. 
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